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Motivation and Introduction

Y
* Could dark matter reside in a Dark Sector?
* Need a portal between Dark Sector and the
standard model
* Suppose thereis a U(1), gauge symmetry in Vo

this Dark Sector - dark photon
 Massless dark photon, no kinetic mixing

o oo ; Ebgwg:'tgss//gff * Higher cross section frpm ggF
S = Expecad imt 120 «  Signature: Photon, ET"®° + initial state
e  ZH and vector boson o B radiation jet(s)
fusion | 25 28  Dedicated trigger:
*  Constraint of 1.3% on EISS 570 GeV & my> 80 GeV & y,r> 50 GeV
B(H = vyp) e } e Included in menu in ’23+'24 - 135 fb'?
e * Run 3 doubles the Run 2 statistics
 Expected to reach sub 1% limit on B(H - yyp)

95% CL upper limit on B(H-yyyq) [%]
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https://arxiv.org/abs/2206.05297
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2023-01/

Primary Vertex Misidentification
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Primary Vertex Misidentification
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Primary Vertex Misidentification
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Primary vertex: Max(2; p?r) for E o ATLASWorkin Progress
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FIRIEEL Improving the primary vertex

N2l identification will reduce the v
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Geometric Input
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\I |  Take advantage of calorimeter information
from reconstructed photons in addition to

aaaaa
4444444

I
mm“‘\ LT standard event/primary vertex features
o e )  Top 3 primary vertex candidates ordered by
Y pf
EM Layer 2 Photon T . . .
Showers e Perform linear fit for each candidate,

EM Layer 1 W extract goodness of fit, x?
, o e x?*'sused as input to neural network
Linear fit: x
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Geometric-Informed Neural Network

- Supervised NN classifier to § ojo ATLAS WorkinPogess
eXtraCt Ptrue PV for eaCh % 0.14;HetSfrag?o-140 —— Pileup vertices =
candidate 5 012 =

- Trained and tested on signaland = E
Y + jets 70-140 GeV 0.06] E

« Of the top 3, candidate with gg;“ E
M X P h . | E_- il | | | el ._E

ax(P.ye py) ChOsen as primary e e e e
y pointing =ZY;:"X
* Number of tracks associated with o AEMISS hetween EFVSS with and
vertex without pileup jets
* Vertex position along beamline - log(Xp%)
vy pointing = ZY;Z"tX « x? from fit
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NN Results

g9H~vp (%)

v + jets frag 70-140 GeV [%]

Selection Applied Standard NN  Standard NN
All events 44.0 48.5 71.5 80.4
With preselections 65.1 72.3 20.1 51.2
€ [ ATLAS Simulation Internal
@ I A
With preselections: 7% 5§ | N

Increase in vertex tagging
efficiency in signal and
30% Increase in y + jets
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Conclusion

The ggH - yyp analysis presents a challenging, low track, high Efss
environment — primary vertex misidentification

Combining ML with geometric features provides up to a ~30% increase in
primary vertex tagging efficiency
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Thanks!

Questions?

https://www.wsj.com/articles/SB100014241278873241886045785
41843266186054
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Geometric-Informed Neural Network

EM Layer 2 Photon
Showers

EM Layer 1

Linear fit: x°
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3 leading PV candidate
input Features:

NN o
ZY

Process AEFs

log <§ p%)

Tim Mathew

MLP Classifier:
Two hidden layers
Softmax layer
Cross-entropy layer
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Output:
Pirue pyv for each PV
candidate




Results-NN Score

Trained and tested on signal and y + jets
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Results-NN Score

Density

Trained and tested on signal and y + jets
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Results-Efficiency

* Trained and tested on signal and y + jets
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Results-ROC Curves

Trained and tested on signal and y + jets
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